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The U.S. Army is seeking to update and expand its use of simulation-based aviation training to
address operational and fiscal concerns that are driving the need for more efficient training
solutions. This has created a need to evaluate whether lower-cost, game-based simulations may
potentially augment higher-cost, traditional simulation-based training for specific aviation training
tasks. However, current approaches to Training Effectiveness Evaluation (TEE) do not address the
complete range of factors to adequately evaluate today’s increasingly sophisticated simulation
training environments. Leveraging recent research and drawing from the tools and techniques of
human performance assessment, instructional science, and phenomenology, an interdisciplinary
approach to performing TEEs is introduced and described in the context of evaluating UH-60A/L
aviation collective mission training. This novel TEE approach optimizes a research-based
evaluation methodology to more fully capture the range of factors that contribute to training
effectiveness in interactive simulation training environments.
The United States continues to face uncertain and unprecedented threats around the world. Increasing acts
of terror by both state and non-state actors, rising global instability, and the need to maintain readiness for both
conventional and unconventional warfare are key strategic concerns. At the same time, technology innovations such
as the expanding role of unmanned aircraft systems (UAS) and the emergence of the cyber-battlefield are changing
the characteristics of modern warfare. Today’s warfighters must be prepared to meet the challenges of highly
dynamic, increasingly technological military operations. To help prepare warfighters to meet those challenges, the
U.S. Army is seeking to update and expand its use of simulation-based aviation training. While the Army continues
to rely on traditional simulation as a proven aviation training method, game-based simulation has become more
sophisticated and may provide viable training options in some applications. The use of game-based simulation to
augment traditional simulation-based training can potentially reduce costs, enhance return on investment, advance
training objectives, and inform future training environment designs.
Operational imperatives are mandating training strategies that produce optimum levels of readiness for a
wide range of mission scenarios. Simultaneously, fiscal concerns are driving the need for more efficient training
methods. This need for optimized training can be addressed for the U.S. Army by investigating whether lower-cost,
game-based simulations may potentially augment higher-cost, traditional simulation-based training for specific
aviation training tasks. Such investigations are typically performed by conducting Training Effectiveness
Evaluations (TEEs). The most popular and widely used methods for performing training evaluations are based on
Kirkpatrick’s Four-Level Training Evaluation Model (1959, 1976, 1994). However, the Kirkpatrick model does not
adequately address the complete range of factors that exist in dynamic training simulations. Additionally, the model
inherently limits the types of questions that need to be answered to effectively evaluate today’s increasingly
sophisticated simulation training environments. It also provides little guidance on how different simulated
environments may be combined to meet evolving training requirements. This paper describes the structure of the
Kirkpatrick model, the reasons for its popularity in the training community, and the contrast between its intended
purpose and its use to address modern simulation training evaluation objectives. A novel, interdisciplinary approach
to evaluating training effectiveness, called Assessing Simulated Systems Empirically for Training, or ASSET, is
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then introduced. ASSET addresses the limitations of TEE methods based on the Kirkpatrick Model by building on a
methodology better aligned with the purpose of modern TEEs. The ASSET approach is then described in the context
of a use case to evaluate whether game-based systems can potentially augment traditional simulation-based U.S.
Army UH-60A/L Blackhawk helicopter collective training.
Training Effectiveness Evaluation Considerations
Kirkpatrick’s Four-Level Training Evaluation Model (1959, 1976, 1994) seeks to evaluate training
effectiveness through an assessment of four hierarchical levels (Figure 1).
•
•
•
•

Level 1: Reaction – Evaluates trainees’ reactions to the training event.
Level 2: Learning – Evaluates changes in trainees’ knowledge, skills, attitudes, and abilities as a result
of the training event.
Level 3: Behavior – Evaluates the change in behavior in trainees from the training context to the
performance context to determine training transfer and application.
Level 4: Results – Evaluates the degree to which specific targeted outcomes have been achieved.
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Figure 1. Kirkpatrick’s Four-Level Training Evaluation Model
The popularity of the Kirkpatrick Model can be traced to a number of factors: 1) it provides a multi-level
approach to training evaluation; 2) it organizes the complexities of training evaluation into four distinct areas; and 3)
it simplifies outcome measures by reducing the number of variables involved in the evaluation analysis (Bates,
2004). The Kirkpatrick Model is used to conduct TEEs in many different training contexts, but its use to evaluate
modern simulation training is problematic. The original purpose of the Kirkpatrick Model was to gain information
on the value of training programs to help determine instructional improvements and decide if a program should be
continued (Kirkpatrick, 1959). As such, it follows a traditional evaluation methodology and has utility in evaluation
contexts where the intent is to determine whether the training is meeting desired objectives. In other words, the
scope of the evaluation is limited to assessing a single training program in terms of the need it was designed to meet.
Evaluating the effectiveness of training in today’s simulation domains typically extends beyond this concern. While
the imperative to determine if training is meeting its desired objective still exists, this is now generally part of a
much larger evaluation goal that encompasses the need to inform decisions concerning how, what, when, and where
simulation training will be used to meet specific training requirements. These decisions are typically based on
factors unique to simulated environments, such as levels and types of fidelity, the affordances of instructional
interfaces, and the dynamics of the environments themselves.
For simulation training then, TEEs are less concerned about improving a single training program and more
concerned about proving the efficacy of specific individual factors that influence training effectiveness. This focus
on proving instead of improving necessitates the use of a TEE approach based on a research methodology instead of
a standard evaluation methodology. It is from this perspective that the interdisciplinary TEE approach called
Assessing Simulated Systems Empirically for Training (ASSET) was deveoped.
Assessing Simulated Systems Empirically for Training (ASSET)
The ASSET approach draws on the tools and techniques of human performance assessment, instructional
science, and phenomenology to establish a multidimensional, interdisciplinary perspective to performing TEEs. This
approach increases the breadth of the evaluation to more fully capture the range of factors that contribute to training
effectiveness in dynamic, interactive simulation training environments. ASSET follows the procedures and rigor of a
research methodology, with some slight modification to optimize its use to conduct TEEs in simulation training
environments. A condensed version of the ASSET approach is illustrated in Figure 2.
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Figure 2. ASSET Evaluation Approach
The ASSET approach is described in the following sections in the context of a use case to evaluate Army
Aviation training. The U.S. Army Aviation Combined Arms Training Strategy (2016) emphasizes the use of
Training Aids, Devices, Simulations, and Simulators (TADSS) to prepare Army aviation forces for future combat.
This strategy highlights multiple types of environments that encompass a wide range of fidelity and cost. Some
broad examples include game-based systems, moderate-fidelity trainers, and high-fidelity flight simulators. Of these
environments, there is a high level of interest in the training potential of game-based systems. However, the
effectiveness of game-based simulations requires further investigation (Sotomayor & Proctor, 2009; Whitney,
Tempby, & Stephens, 2014). In particular, the use of game-based training as an adjunct to traditional simulationbased training has not been adequately evaluated.
A TEE was performed using the ASSET approach to conduct evaluations of three simulated training
environments to determine the potential of lower-cost, game-based simulations to augment higher-cost, traditional
simulation-based training. The training environments evaluated in the study were the Aviation Combined Arms
Tactical Trainer (AVCATT; the current U.S. Army Program of Record for aviation collective training), a moderatefidelity training simulator that integrates augmented reality helmet mounted displays (HMDs) to blend the physical
cockpit with the virtual environment; the Virtual Battlespace 3 (VBS3) low-fidelity, first-person, games-for-training
system operated on a desktop computer with commercial-off-the-shelf (COTS) flight controllers; and Microsoft
Flight Simulator (MSFS), a commercially available flight simulator game that provides a similar level of fidelity and
operation as VBS3. An operational flight trainer (OFT), a full-motion FAA Level D flight simulator, served as a
real-world analog and was used for evaluation of the training environments.
The ASSET approach began with an identification of the scope and objectives of the evaluation. This was
an essential part of the process, as it established the parameters for performing the rest of the evaluation. For the
present use case, it was determined that the primary objective was to determine how and where lower-cost gamebased training could be used as an equally effective adjunct to higher-cost simulation-based training for a particular
set of aviation collection mission training tasks. Based on this evaluation objective, the following three evaluation
questions were identified to establish the scope of the TEE: 1) Are there differences among the three simulated
training environments?; 2) Are there differences in a real-world analog environment (OFT) based on the preceding
simulated training environment?; and 3) Are there differences in the degree to which each simulated training
environment corresponds to the real-world analog environment (OFT)?
Once the scope and objectives were established, the training scenarios that formed the basis of the
evaluation were developed. The training evaluation scenarios involved a flight of UH-60A/L Blackhawk helicopters
engaged in a collective air assault mission and consisted of a set of operationally demanding tasks and cognitive
decision-making points. Operational tasks focused on mission events that are part of standard operating procedures
or explicit items covered in mission and crew briefings. Cognitive decision-making focused on the pilot’s specific
choices and reactions to changing conditions during the mission scenario. These tasks and decision points directly
related to the ability of the investigated training environments to support their execution and were part of the
mission performance rubrics for the study.
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The next step was to identify, develop, and collect data using a set of specific measures and data collection
instruments that supported the objectives of the evaluation. An interdisciplinary set of empirically validated
measures that contribute to training effectiveness were used. These measures aligned within the disciplinary areas of
psychology, physiology, and phenomenology.
Psychology
Psychological measures included a mission performance rubric and questionnaires. The mission
performance rubric consisted of 12 individual tasks and 5 decision points. Questionnaires from the psychology
discipline were used to record a variety of subjective measures related to immersion, presence, workload, stress, and
simulator sickness.
An Immersive Tendencies Questionnaire (ITQ; Witmer & Singer, 1998), version 3.01, as revised by the
Université du Québec en Outaouais Cyberpsychology Lab, was administered at the beginning of the experimental
session. Immersive tendencies were scored across four subscales: Focus (paying attention to current tasks),
Involvement (interacting with current tasks), Games (becoming engaged within a scenario), and Emotions
(experiencing fear, excitement, or other feelings). A Presence Questionnaire (PQ; Witmer & Singer, 1998), version
3.0, as revised by the Université du Québec en Outaouais Cyberpsychology Lab, was administered at the completion
of each experimental session. The PQ assessed the degree to which participants experienced presence in each of the
simulated environments, as well as the intensity of this experience as influenced by seven individual factors
(realism, possibility to act, possibility to examine, quality of interface, self-evaluation of performance, sounds, and
haptic). A Simulator Sickness Questionnaire (SSQ: Kennedy, et. al., 1993) was used to assess the level of
discomfort experienced by participants in each of the simulated environments. The SSQ consists of items related to
symptoms of simulator and motion sickness (eyestrain, headache, dizziness, etc.), clustered into three factors:
Oculomotor, Disorientation, and Nausea. The Dundee Stress State Questionnaire (DSSQ; Matthews, et. al., 2002)
differentiates 11 primary state factors relating to affect, motivation, and cognition. These primary state factors
support three broader second-order factors: engagement (qualities of interest, motivation, and energy), distress
(feelings of confidence, tension, and control), and worry (levels of self-esteem, self-focus, and cognitive
interference). A short version of the DSSQ was used in the described study (Matthews, Emo, & Funke, 2005). A
pre-task questionnaire was administered at the beginning of the experimental session and a post-task questionnaire
was administered at the completion of each experimental session. The NASA-Task Load Index (TLX; Hart &
Staveland, 1988) was used to assess each participant’s perceived workload during the performance of the mission
scenarios. The TLX is composed of six subscales that measure workload across the dimensions of mental demand,
physical demand, temporal demand, effort, frustration, and performance. A separate global workload score is
computed as the unweighted averages of the six subscale scores. The TLX was administered at the completion of
each experimental session.
Psychological measures provided important data related to training effectiveness that is often overlooked in
traditional TEEs. Factors relating to immersion, presence, workload, stress, and simulator sickness all correspond to
the ability of a simulated training environment to support the positive performance of training tasks. Performance
measures may also provide indications of differences between training environments.
Physiology
Physiological measures consisted of electrocardiography (ECG) and galvanic skin response (GSR). Both of
these measures were captured using a Procomp Infiniti system. ECG is a direct measure of cardiac activity and one
of the most common physiological measures of workload and stress in response to task demands. ECG measures
included Inter-Beat Interval (IBI), Heart Rate Variability (HRV) and Beats per Minute (BPM). Increases in BPM
have been associated with increases in workload and this particular measure is more sensitive to physiological
workload (Wilson & O’Donnell, 1988; Jorna, 1993). HRV is generally associated with cognitive workload rather
than physiological workload. As such, it reflects engagement in effortful information processing (Jorna, 1993).
Increases in cognitive workload of task demands are associated with decreases in HRV (an inverse relationship;
Mulder, Waard, & Brookhuis, 2004).
GSR is a measure of emotional stress and nervous tension based on the electrical conductance of the skin
(Mundell, Vielma, & Zaman, 2016). Increases in GSR are associated with increases in stress and tension (Shi, Choi,
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Ruiz, Chen, & Taib, 2007). GSR drift, the difference between the upper and lower levels of galvanic skin response,
is a measure of emotional arousal related to stress. Absolute drift, in particular, is the absolute change in raw GSR
from the beginning to the end of a session (Mundell, Vielma, & Zaman, 2016). Absolute drift reveals slow
variations in the GSR signal. GSR Maximum Increase Drift is the absolute difference in raw GSR from the
minimum point to the end of the session (Mundell, Vielma, & Zaman, 2016). Maximum increase drift gives a
measure of trends in the GSR signal existing at the end of the session.
These measures captured the direct, real-time physiological responses of study participant’s as they were
engaged in mission scenarios within the simulated training environments investigated in this study. This provided an
additional dimension of training effectiveness that helped broaden the evaluation effort.
Phenomenology
Study participants were interviewed at the end of each experimental session to collect first-person
experiential data for each simulated training environment. The interview method was based on Petitmengin (2006)
and implemented following the guidance provided by Bockelman, Reinerman-Jones, and Gallagher (2013).
Participant interviews consisted of questions designed to focus the participant’s attention on the real-time subjective
experience of performing the mission scenario in a particular simulation environment. Questions such as “Describe
what it is like performing the mission in the [type of simulator] environment.” and “Tell me your thoughts as you
progress through the mission.” provided opportunities for participants to relate their direct experiences with the
simulated environments. Copilots were also interviewed after each experimental session. Although they were
confederates in the study, data collected from copilot interviews provided an additional source of evaluation
information. These interviews helped capture the ability of the simulated environments to support mission training
tasks in terms of graphics, controls, responsiveness to inputs, and representation of flight and mission characteristics.
Summary
Evaluating the effectiveness of training in simulation domains cannot be adequately accomplished by
standard TEE approaches and methods. The ASSET approach represents a novel method for conducting TEEs in
simulation training environments that transcends the limitations of standard approaches. ASSET is based on the
procedures and rigor of a research methodology, but is specifically optimized to conduct TEEs for simulation
training. Its interdisciplinary focus on human performance assessment, instructional science, and phenomenology
increases the scope of the evaluation effort to more fully capture the range of factors that contribute to training
effectiveness in dynamic, interactive simulation training environments. Beyond its application in the described use
case, the ASSET approach provides a powerful methodology for evaluating simulation training in any context. Its
use becomes essential when the objective of the evaluation extends beyond a determination of the value of a training
program and into the need to inform decisions concerning how, what, when, and where simulation training will be
implemented to meet specific training requirements.
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